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Abstract
Autorotation landing is a special manoeuvre for helicopter when the engine failed. In this situation, it requires the 
pilot’s accurate management, correct judgment and decision on time to enter into steady autorotation. After entry into 
steady autorotation, then according to the flight altitude and speed, select the landing position, flare from autorotation,
and perform a power-off landing successfully.
Herein, it will be discussed how the helicopter performs the autorotation when losing the power, including the 
affecting factors. And refer to the airworthiness regulation, review the relevant sections, discuss the concerning 
aspect in the certification flight.
Finally, it will through reviewing the autorotation flight compliance report of a helicopter, to understand those 
concerning aspects. 
© 2011 Published by Elsevier Ltd. Selection and/or peer-review under responsibility of Airworthiness 
Technologies Research Center NLAA, and Beijing Key Laboratory on Safety of Integrated Aircraft and 
Propulsion Systems, China
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Autorotation landing is a special manoeuvre for helicopter when the engine failed. In this situation, it 
requires the pilot’s accurate management, correct judgment and decision on time to enter into steady 
autorotation. After entry into steady autorotation, then according to the flight altitude and speed, select the 
landing position, flare from autorotation, and perform a power-off landing successfully.
1 AUTOROTATION LANDING
1.1 Entry into steady autorotation
Autorotation is the phenomenon which results in the rotation and lift generation by a rotor through 
purely aerodynamic forces under certain condition, no power will be required. So the autorotation is used 
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in helicopters in an emergency mode only after failure of the helicopter's powerplant or transmission. 
Autorotation is a complex phenomenon of aerodynamic. Herein, we will focus on the manoeuvres
that the pilot must perform in autorotation, not the complex aerodynamic phenomenon. 
The autorotation just can happen under certain condition. It means the pilot must skilled change the 
collective and cyclic pitch during the maneuver, and manage the energy of the rotor and the airspeed of 
the helicopter, entry into steady autorotation. Failure to make a good entry into autorotation after the 
engine stops is one of the primary causes of helicopter accidents.
The key to making a good entry is to keep the rotor RPM up. If rotor RPM is allowed to decay too 
much, the rotor may stall and cause a fatal stop when asked to support the full weight of the helicopter. 
The reason for the RPM decay is that when the engine suddenly quite providing power, the rotor will 
begin to feed on its own energy by slowing down to make up for the power loss. The accepted way to 
stop the decay is to reduce the power demands on the rotor by lowering the collective stick quickly, 
adjusting the pitch of rotor, reducing the requirement for power, preventing the blade enter stall status. At 
same time, through the cyclic stick and pedal adjustments, change the speed and attitude, so as to enter 
the steady autorotation.
There are some facts affect the helicopter enter steady autorotation, e.g., the capability of the rotor 
maintain rotation, flight conditions at the time of engine failure , the pilot reaction time, etc. If the rotor 
has high inertia because of heavy blades or tip weights, the RPM will fall off slower than if it were a 
lightweight rotor. A failure in high-power climb will result in a faster decay than it happened in a descent.
1.2 Steady autorotation 
In steady autorotation, the helicopter will glide with steady descending speed. The potential energy 
will decease with altitude descending, will change to the kinetic energy, and drive the rotor. The steady 
air stream will bring the enough energy that can maintain helicopter for flying.     
Some facts affect the rate of descent, for example, the density altitude, helicopter weight, rotor 
speed, and airspeed. In the steady autorotation, you need control the airspeed at first. Like normal flight, 
the pilot can adjust cycle stick to control the helicopter airspeed. In theory, the helicopter can descend 
from vertical to maximum horizontal distance with different glide angle.  But normally, the helicopter 
will descend with the recommended autorotation speed
Each helicopter has a recommended autorotation speed in Flight Manual. The recommended 
autorotation speed may be provided from minimum rate of descent speed to maximum glide angle speed. 
The recommended autorotation speed is usually optimized to assure an effective flare capability and yet 
be slow enough to allow a controlled, relatively slow touchdown condition. 
The recommend autorotation speed is established on normal weather condition and wind speed with 
normal loading condition. When the helicopter operates in high density altitude and gusty condition, the 
autorotation speed should be higher than normal condition. Upon those condition, select available 
descend speed, follow the procedure, you almost can get the same glide angle, and estimate the touch 
position.
1.3 Flare from autorotation, and landing
Even with the possible lowest rate of descending in steady glide, the energy that the helicopter 
carried on the glide path will higher than the energy that the landing gear can absorb in touchdown. For 
this reason, the pilot must perform cleverly manoeuvres to manage the energy in the capability of the 
landing gear. In shortly, before landing, the kinetic energy along the flight path need reduce to zero, at 
same time, continually absorb enough power from the passing air and from stored rotor kinetic energy, to 
supply the power requirements of flight, prevent the rotor RPM drooping to a stall condition. 
The solution is a manoeuvre starting with a well timed pull the cyclic in flare height, let the 
helicopter nose-up flare, increased the lift due to increase the rotor AOA, at same time, tilting the 
direction of lift to aft, thus braking both forward and the vertical velocity. It also can be used to store 
energy in the rotor in the form of an RPM over speed up to the rotor redline. 
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The cyclic flare should continue until the helicopter slows down to 30 to 40 knots, where most of 
available forward-flight kinetic energy has been used up. Now using the rotational energy stored in the 
rotor by pulling up the collective stick to maintain thrust as the helicopter slow down. Finally, forward 
push on the cyclic stick, lever the helicopter just before the landing gear touchdown. 
The helicopter will smoothly landing with acceptable touchdown speed, complete the whole 
autorotation landing process. 
2.  THE REQUIREMENTS ON THE AIRWORTHINESS REGURLATION
It is evident that the successful power-off autorotation landing is depending on the precise timing of 
the various actions of pilot. At same time, the helicopter it must have this kind of capability. 
Airworthiness regulations are basic requirement for ensuring helicopter operating safety. For ensuring this 
kind of capability, the airworthiness regulations require the new helicopter must demonstrate the 
autorotation landing, to show this capability. From PART 27 and 29, we can found those requirements. 
Herein, we just discuss the sections of Part 29 Airworthiness standard: Transport category helicopter.
The requirements relevant with autorotation are §29.25 Weight limit, §29.27 Center of gravity, §
29.33  Main rotor speed and pitch limits, §29.45 Performance-general, §29.71 rotorcraft angle of glide: 
category B, §29.75 Landing, §29.87 Limiting Height-Speed Envelop, §29.141flight characteristics-
general , §29.143 Controllability and manoeuvrability, §29.1503Airspeed limitations-general, §29.1505 
Never-exceed speed , §29.1509 Rotor speed, §29.1583 Operating Limitations, §29.1585 Operating 
procedures, §29.1587 Performance information, etc.
From regulation, we can found the regulation covered all of requirements for autorotation and 
power-off landing, like take-off weight, CG, RPM, recommended glide speed, flight characteristics, 
emergency operation procedure, and Flight manual, etc.
Some sections clearly require the helicopter must show this kind of capability through demonstration 
flight test. For example:
§29.79 (b) &§29. 83(c)
It must be possible to make a safe landing on a prepared landing surface after complete po
wer failure occurring during normal cruise.
3.  CONCERNING ASPECT 
It is evident that the autorotation landing is a risk subject in certification flight. In airworthiness 
demonstration flight, there are a lot of aspects that we need concerning. Herein, we will discuss some of 
them as below.
3.1  Weight and center of gravity
Autorotation landing should be demonstrated with different takeoff weight and Center of Gravity, 
Considering from the view of the pilot in flare, normally, the maximum takeoff weight and aft CG is 
critical. 
3.2 Environmental condition
For demonstration, It must be in range of the requirements of regulation, e.g. wind speed, wind 
direction, temperature, humidity etc.
3.3 Rotor RPM
In autorotation, the helicopter’s rotor RPM should be easily controlled, if the control of rotor RPM is 
extremely difficult, the lift and the flight attitude will be difficult to control as well. The flight control 
system of helicopter should be easily so as to control the rotor speed. At same time, the power-off rotor 
speed range must be wide enough for any transient situation. 
Especially the lower margin of collective stick, when the collective stick dropping down to the 
lowest position, the rotor speed should be suitable. The manufacture need provide the suitable range of 
rotor speed in Flight Manual and Maintenance Manual, including power-off rotor speed in different 
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weight and altitude, when the collective pitch drops to the lowest position. Also it should have rotor 
warning system, to inform pilot, when the speed is out of range. 
The Flight Manual need provide the power-off rotor speed range. In flight test, we need concern 
those margin data.
We can found the regulation requirements from 
§ 29.33 Main rotor speed and pitch limits.
(a) Main rotor speed limits. A range of main rotor speeds must be established that—
……
(2) With power off, allows each appropriate autorotative maneuver to be performed throughout the 
ranges of airspeed and weight for which certification is requested
……
(b) Normal main rotor low pitch limit (power off). It must be shown, with power off,
……
3.4  The capability of entry autorotation from different flight status. 
The engine failure will happen in any flight status, the helicopter should entry into steady 
autorotation from different flight status without losing the controllability. In airworthiness certification, 
the helicopter must demonstrate this kind of capability. 
From the pilot got engine failed information to carry on the correct action, in this period, the 
helicopter’s attitude must be controllable, the reducing of rotor RPM should not be big gradient. The 
demonstration of autorotation requires a minimum time delay of 1-second or normal pilot’s action time 
between throttle chop and control actuation. Whichever is greater. The warning system of engine failure 
should be reasonable in design.
The helicopter power-on VNE status should smoothly transient to power-off VNE status. The flight 
attitude could not change too much; the margin of flight controller must be enough. 
We can found the regulation requirements for those, like
§29.141flight characteristics-general (b) requires
Be able to maintain any required flight condition and make a smooth transition from any flight 
condition to any other flight condition without exceptional piloting skill, alertness, or strength, and 
without danger of exceeding the limit load factor under any operating condition probable for the type, 
including—
(1)Sudden failure of one engine, for multiengine rotorcraft meeting Transport Category A engine 
isolation requirements;
(2) Sudden, complete power failure, for other rotorcraft; and
……
§ 29.143 Controllability and maneuverability.
(a) The rotorcraft must be safely controllable and maneuverable—
(vi) Landing (power on and power off)
……
3.5  Power-off confirmation  
The method used for simulating engine failure must be representative of the power decay 
characteristics that will occur during a real, sudden engine failure and acceleration of the remaining 
engine(s). It must be confirmed there is no power output from simulating failure engine in the 
autorotation landing demonstration flight.
3.6  Recommend glide speed
Best recommend glide speed should be established in autorotation performance test, the Autorotation 
performance tests may be conducted in conjunction with the climb performance tests.  
3.7  Flare height
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The flare height must be clarified in Emergency Procedure of Flight Manual, the data should come 
from flight test in different flight status with different test pilot. The margin of flare height should be 
suitable.
3.8  Autorotation procedure 
The autorotation procedure should be simple and clear, be able to maintain the flight condition and 
make a smooth transition from one condition to engine failure condition without exceptional piloting skill, 
alertness or strength, and without danger of exceeding the limit load factor.
The emergency autorotation procedure should be included in Flight manual. 
4   AUTOROTATION DEMONSTRATION OF NEW MODEL 
Herein, we will review compliance flight test report of one new model helicopter, which conducted 
power-off autorotation landing demonstration,  to understand those requirements.  
For compliance the Section § 29.79 (b) “It must be possible to make a safe landing on a prepared 
landing surface after complete power failure occurring during normal cruise.” requirement, the 
helicopter conducted the full autorotation landing demonstrations at maximum take-off weight with 
forward, mid and aft CG. 
4.1 Take-off weight and CG 
This helicopter for demonstration flight is standard with the exception of flight test instrumentation, 
bags of lead ballast was strapped on the helicopter in the cargo comportment area to obtain the maximum 
weight condition and CG.
The configuration can represent this production line’s product. 
4.2 Test Condition 
During all tests, the wind speed below 7m/s, the temperature 7~17°C.
4.3 Engine Status 
Although the demonstrations executed at ground idle, they were demonstrated during the engine shut 
down test, that the effect of engine torque at ground idle was negligible.
4.4 Rotor RPM control 
The rotor rpm was easy to control and was allowed to stabilize just below the maximum continuous 
rpm limit.  The control position of the collective pitch lever was approximately zero according to the data.  
The bottom stop of the collective pitch was at minus one degree.  The rpm could be controlled with ease 
and a reduction in collective pitch caused a quick increase in rotor rpm.
4.5 Flare height
The flare effects were studied during these autorotation at different heights ranging from 20 to 40 
meters above the ground was used.  It was found that the flare at 23 meters height had to be extremely 
aggressive in order to slow the aircraft down to a safe landing speed.  The subsequent unloading of the 
disc in order to get the fuselage level with the ground then caused a rapid deceleration of the rotor rpm.  
The higher flare at 35 to 40 meter insured greater control over the rotor rpm and slowed the speed of the 
aircraft down to a more controllable landing speed.  It is recommended that the flare height should be 
increased to 35 meter above ground.
4.6 Flight result of Aft CG 
The helicopter was ballasted to MTOW+100kg. After takeoff, one circuit and three autorotation 
practices were executed.  The autorotation was entered at 1000m, steady autorotation status; the engines 
were both brought to ground idle at a time.  At 35m above ground level, the aircraft was flared to about 
20 degrees nose-up; at about 3m above ground level, the nose attitude was reduced to keep the tail clear 
of the ground and the collective pitch lever used to cushion the landing.  After landing the collective pitch 
lever was reduced to the fully down position and the brakes used to stop the helicopter.
Wind speed:  7 m/s
Helicopter weight approximately MTOW 
OAT:  11°C
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The autorotation was entered from an indicated altitude of 1000m, which correlated to a pressure 
altitude of 1200m and an indicated airspeed of 132 km/h at the time of 630951 seconds by lowering the 
collective pitch lever to zero degrees. The rotor rpm immediately started increasing from 358 rpm to 390 
rpm at 2.3 rpm per second. The throttles were reduced to ground idle at 63053 seconds. The airspeed was 
maintained as close as possible to 130 km/h and during the steady descend the rate of descend was 12.46 
m/s, the torque was about 1%, the pitch attitude was minus 0.54 degrees. The flare was initiated at 53026 
seconds at 35 meter above ground and the aircraft was pitched to a nose-up attitude of 17 degrees. The 
collective pitch was at 0.15 degrees and the rotor rpm was 394 at the beginning of the flare. The rotor rpm 
did not increase dramatically during the flare as the collective pitch was raised to 1.2 degrees during the 
flare. At 63131 seconds (5 seconds after starting the flare) the nose attitude was lowered for the landing.  
The collective pitch was increased at 0.86 degrees per second to cushion the landing and the rotor rpm 
decreased at 110.65 rpm/sec until the touchdown occurred at 280 rpm. The torque at the point of 
touchdown was 8%, which was minimal and could be ignored. The collective pitch lever was fully 
lowered, the aircraft brought to a complete stop. During the whole manoeuvre, no control position came 
close to any of the ten percent margins. A handling quality rating of 6 was allocated for the whole 
manoeuvre.  
The autorotation landing was executed successfully and met the requirements of § 29.79 (b).  
5  SUMMARY
Finally manoeuvre of autorotation can assure crew and helicopter safety landing when loss the power. 
It is evident that the success of the landing that depends on precise timing of the various pilot actions, this 
comes from practicing in flight training.
For certification processing, the inspection must be check details, to confirm the capability of 
autorotation on the new helicopter.
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